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Deficiencies of at least two members of the vitamin B complex
cause typical dermatoses in the rat. The skin symptoms of the
riboflavin deficient rat and the vitamin B6 deficient rat are each
characteristic and severely different (1). The effect of nicotinic
acid on the skin of the rat is undetermined at this time. The
influence of the various components of the "filtrate factor" on the
skin of the rat is being studied at present in various laboratories
and there is evidence that there are specific skin effects from fil-
trate factor deficiencies (2). The status of the other probable
components of the vitamin B complex (3) is not clearly defined,
and at the present time there is no definite evidence that skin
changes in the rat are caused by a deficiency of such factors. It
might be expected that a combined deficiency of two or more
vitamins known to produce skin changes would result in a com-
bination of the cutaneous signs and symptoms of the two or more
diseases. However this is not the case. When young rats were
depleted of the entire vitamin B complex other than thiamin,
there resulted a disease, the skin symptoms of which were not
those of the combined deficiencies.
EXPERIMENT
Fifteen young rats each weighing from 40 to 50 grams were fed a basal diet of
the following composition: Casein, acid washed, 18%, Sucrose 66%, Butter fat,
* Aided by a grant from the Rockefeller Foundation Fluid Research Fund.
t From the Department of Dermatology, School of Medicine, and the Depart-
ment of Biochemistry, School of Hygiene and Public Health, The Johns Hopkins
University.
337
338 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
washed, 8%, McCollum Salts 51, 6%, and Cod Liver Oil, 2%. This was sup-
plemented with an alcoholic solution of thiamin* added to the casein at a level
of 2.0 mg. per kg. of diet.
The following signs and symptoms were observed: After an
initial gain of from three to four grams during the first week of
the experiment, there was either a plateau of the weight curve or
a very gradual decline during the succeeding weeks. The major-
ity of the animals lived from four to eight weeks but three sur-
vived until they were killed at the end of fourteen weeks. Those
rats whose weight curves showed a plateau decreased in weight
during the weeks preceding death. The general appearance was
that of increasing inanition and debility. There was a lack of
panniculus adiposis. There was a failure of the bones to increase
in size. The tails were ridged and proportionally atrophic.
During the course of the experiment the rats were lively. Often
in the late stages they were markedly humped but the gait re-
mained fairly normal. In general the appetite was decreased but
the animals continued to show a desire for food until death. Each
animal weighed from one to twelve grams less at death than it
weighed at the beginning of the experiment.
From one to two weeks after the diet was started, the furs of
the animals appeared uneven, rough and matted, and lacked the
lustre of normal hair. The long coarse hairs of the adult type
never appeared. In the majority of the animals the fur on the
back was shaggy, short and rough throughout the course of the
experiment (fig. 1, A and B). Whether the rats were kept in
individual cages or were grouped together made little difference
in the appearance of the fur, indicating that the poor condition
of the coat was entirely due to the deficiency and not to external
factors. We emphasize this because we believe it to be a point
of importance in the differential diagnosis of the several skin dis-
eases or syndromes which may be produced by deficiencies of the
various members of the vitamin B complex. For example, when
a group of vitamin B6 deficient rats were placed in one cage con-
taining a large common food cup, their furs became uneven,
dirty and contaminated with food and excreta. However when
* Merck's synthetic B1 hydrochloride.
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they were kept in single cages and small mouthed individual
food cups were used, the animals were able to attend to the hy-
giene of their bodies, and the comparatively normal fur was
striking. This constitutes one of the characteristic features of
the vitamin B6 deficiency disease (4).
A B
Fin. 1, A and B. General appearance of the rat showing stunted growth, short,
uneven fur and thinning of the hair in the preauricular region.
Fin. 2. Showing typical partial alopecia involving the entire venter
Two or three weeks after the experiment was started there was
a diffuse thinning of the fur of the abdomen and of the fore and
hind intertriginous areas (fig. 2). Tn some of the animals partial
alopecia occurred in the circum-ocular and/or the preauricular
regions (fig. 1). The circum-ocular or "spectacle" alopecia was
sometimes preceded by an inflammatory stage, hut it also oc-
curred as often when there was no dermatitis of the eyelids. In
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companied by erythema was noted. There was never any
pruritus. Priapism was rare.
Sometimes the noses became inflamed and often there was a
serous or a sero-sanguinous exudate. There was no character-
istic dermatitis of the side of the nose. In some instances there
was a crusting depending on the amount of inflammation which
resulted from trauma inflicted when the animals rubbed their
sore noses with their fore paws. The forepaws became stained
with blood. This symptom has been observed commonly in
other deficiency states. (5, 6c, 8).
HISTOLOGIC FINDINGS
Sections were made from every portion of the skin. The first
significant change occurred in the corium and consisted of a mild
diffuse infiltrate of lymphocytes and larger mononuclear cells.
Occasionally it was accompanied by a slight hyperkeratosis. At
about the same time or perhaps a few days later the individual
cells of the sebaceous glands lost their outlines and masses of the
glands were replaced by round and oval clear spaces. We were
unable to detect whether there was a dilatation of the glands pre-
ceding the disintegration. If there was an initial stage of dilata-
tion its duration was short. After the replacement of the
sebaceous glands, there was a fairly rapid decrease in the size
of the round and oval clear spaces each of which was lined with
a deeply staining layer of flat, atrophic epidermal cells. The
epidermis then became thinner and in the late stage it was usually
only one or two cell layers in thickness. There was no hyper-
keratosis in the late stage.
The hair follicles became smaller in size and fewer in number.
In the late stage the follicles were markedly atrophic, but in some
sections, especially those from the back, the hair follicles were
intact for a long time despite the atrophy of the sebaceous glands
and the epidermis. In all locations except the tail the connective
tissue remained fairly normal and the areas surrounding the
atrophic sebaceous glands were filled in with new and apparently
normal connective tissue. In the tail there is normally more loose
connective tissue around the fully developed sehaceous glands
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due to the presence of periglandular fat. When the glands in
this location underwent atrophy, the areas surrounding the clear
spaces were so large that connective tissue proliferation apparently
failed to keep pace with the atrophy. As a result the vacant
places were not completely filled with new connective tissue. In
the late stage few normal hair follicles or sehaceous glands were
observed. Throughout the corium there was no infiltrate.
There were no exudative cells, and no dilated blood vessels. The
FIG. 3. Normal skin. Section from back
connective tissue was apparently normal and showed none of the
changes analogous to or suggestive of those associated with senile
elastosis in man. There was a striking absence of subcutaneous
fat (fig. 4).
In sections from the eyelids there was an atrophy of the seba-
ceous glands and hair follicles but the specialized meibomian
glands were not affected as they were intact in rats which had
survived for nearly four months (fig. 5).
Sections from the nose and from the plantar and dorsal surfaces
'4
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FIG. 4. Section from back of deficient rat. Showing atropby of epidermis,
hair follicles and sebaceous glands. Note the apparently normal appearance
of the connective tissue which surrounds the atrophic glands and follicles. Each
oval or round space is lined by a single layer of flattened atrophic cpidcrmal cells.
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of the paws showed no signs of the vitamin B6 deficiency disease.
Occasionally there was slight hyperkeratosis and acanthosis in
the early stage, but in none of the sections was there seen the
type of acanthosis that is characteristically associated with
the vitamin B6 deficiency (4). Also there was no edema or
hyperemia.
DISCUSSION
Theoretically a deficiency of the entire vitamin B complex
other than thiamin should result in a combination of the skin
signs and symptoms characteristic of the component deficiencies.
Thus a rat depleted of this group of vitamins should show charac-
teristic vitamin B6 dermatitis of the paws and also the generalized
alopecia and dirty coat which is always seen in riboflavin deficient
animals. In addition there should develop in each animal the
sign of spectacle alopecia which has been attributed to deficiency
of the filtrate factor. Greying of the hair should also occur in
animals with colored fur. However a diet of purified foodstuffs
which is completely lacking in the vitamin B complex and is
supplemented only with thiamin produces no such multiple
symptomatology.
In our experiments dermatitis of the paws was observed only
irregularly and it was always of mild degree and transient dur-
ation. It was never the characteristic vitamin B6 deficiency
dermatitis. •There was, however, a marked similarity between
the coats of these rats and the coats of riboflavin rats which we
observed. In both groups of animals the fur on the backs was
uneven and rough and there was a partial alopecia over the ab-
domen. It was sometimes difficult to distinguish between
animals of the two groups. Careful inspection however revealed
that the rats which suffered from the multiple deficiency were
actually cleaner than the rats deficient only in riboflavin. The
latter invariably soil the hair on the abdomen and posterior
extremities with excreta.
In only about half of the group was spectacle alopecia observed.
It was usually of mild degree and in general occurred no more
often than we have observed the symptom in other groups of
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animals. Greying, if it occurred at all, was of such slight degree
that we discounted it.
Early workers who employed natural foodstuffs not completely
devoid of the heat stable B vitamins frequently observed skin
diseases in rats which more nearly approached the expected
symptomatology of combined deficiencies (6). In their exper-
iments prolonged partial depletion of several vitamins led to a
combined symptomatology which did not appear in our animals
that were fed purified diets entirely lacking in several factors.
The complete absence of many vitamins probably prevents any
one from becoming a limiting factor, provided the young animals
selected have an optimum amount of each vitamin stored within
the body at the beginning of the experiment.
Gurin and Eddy (7) studied the skins of a small number of
rats fed diets which they believed at the time (1931) to be devoid
of the vitamin B complex other than B1. Although their diets
probably contained minimal amounts of the complex, their find-
ings were similar to ours in that some sections from the body
showed atrophic thinning of the epidermis with no changes in the
corium.
Smith and Sprunt (8) studied the skin of the tails of rats re-
ceiving diets deficient in vitamin G*. The diet which they
employed was not completely lacking in the entire heat stable
fraction however. They observed atrophy of the epidermis and
the sebaceous glands of the tail.
SUMMARY AND CONCLUSIONS
1. In rats fed a basal vitamin B free diet supplemented with
thiamin there was mild, generalized scaling in the early stage,
poor growth of fur and partial alopecia of the venter.
2. Histologically there was an atrophy of the sebaceous glands
and later the hair follicles in the absence of inflammation. The
meibomian glands were not affected.
3. There was an inhibition of the production of the specific
cutaneous signs and symptoms associated with the absence of
the individual components of the vitamin B complex.
* Heat stable fraction of the vitamin B complex.
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